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@ Rate adaptive eardlae paeer incorporating swftehed capacitor tatar with cutoff frequency detonnlned 
by heatt rate. 



@ A rate adaptive cardiac pacemaker incorporatir^ a switched capacitor filter whose Gut-<iff tirequency 
IS varied as a function of heart rate aHows res^ration-related s^nals appearing in the infracaidiac 
impedanoe wavefonn to be separated ftom signals relate to systolZc evento over a firequency range of 
interest, allowing es&ier or both of the respiration-related s^rai component or the systolic event 
component to be used ki acQusdng the pacing rate. 
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RATE ADAPTIVE CARDIAC PACER INCORPORATING SWITCHED CAPACITOR FILTER WITH 
CUTOPP FREQUENCY DETERMINED BY HEART RATE 



BACKGROUND OF THE INVENTION 

I. Field of the Invention: this Invention relates gen- 
efaly to implantabls cardiac pacing apparatus, and 
more particulaily to a demand pacemaker whose pac- 
ing rata is determined by phystotogic need as deter- 
mined by changes in stroke votume and/or respiration 
rata and respiratton depth nmasured u^ng inv 
pedance plethysmography techniques. 

li . [discussion of the Prior Art As is set forth in the 
'Discussion of Prtor Art" of the Brtan 0. Pedeison, at 
al patent application Serial No. 
fried , and entitied 'Adaptive 

Pacemaker Utilizing Respiration Related Variatkm In 
CariSac Chamber Volume or Pressure as a Control- 
ling Parameter" which is being fBed concuirentiy 
herewith and which is assigned to applicants* assig- 
nee, there are a relatively laige number of rate adap- 
tive pacemaker designs disclosed in the patent art in 
which various phy3k>iogio parameters are measured 
and used to adapt the pacing rate of an imp!antafc>le 
cardiac pacer to a patienfs metabolic need. The 
invention of the afctfereferenced appiteatlon» dis- 
doses the design of a rate adaptive pacemaker in 
which signal components present In a measured im- 
pedance waveform raiated to inMhoracie volume 
and pressure vartattons are used in developing a con- 
trol signal for the rate adaptive pacer. That is to say, 
vofume or pressure variations within the right ventricle 
or right atrial chamber attributable to respiratory 
activity is sensed and signal processed to derive a 
rata controlling signal for the pacer. In that anange- 
ment, by utilizing a low-pass filter, higher frequency 
components attributable to systolic events can be dis- 
criminated against in fiavor of the low frequency oon^ 
ponent attributable to respiratory activity. However, 
because there is. conskierable spectral overiap of ttie 
systolic event signal arKi the respiration signal over 
the range of normal physiologic conditions, it 
becomes difficult to separate the two utilizing a fixed 
cut-off rmear filter. For example, in the case of 
intracardiac impedance measurements where respi- 
ration is the tignal of Interest, if a fbced 3 dB cufr^fre- 
quency (fo) of OSS Hz (low-pass) Is emptoyed, the 
fundamental of the respiratton wave wiU pass when 
the patient is at rest However, during exerdse, tfie 
breathing rate fundamental frequency can approach 
or exceed 60 breaths-perminute (1 Hz) and If a filter 
with a fixed cut-off characteristic is belr^ employed, 
the rBsptrafton component, Le., the signal of interest, 
win be ettenuated alof^ with the systolic compofient 

It is accordingly a principal ofcjlect of the present 
inventton to provide an Improved signal processing 
circuit for processnng an intracardiac or IfltFathorade 



impedance signal capable of separating components 
due to raspiratory activity from components due to 
systolk) events over e wide range of physiologic con- 
ditions. 

5 Another object of the invention Is to provide a sig- 

nal processing circuit tor a rata adaptive pacer in 
which an adaptive fBter is mployed, allowing the cut- 
off frequency of the filter to be varied as afUnction of 
heart rate. 

10 

SUMMARY OF THE INVENTION 

The foregoing objects of the invention are 
achieved in accordance herewith by provMIng a rata 

f 5 adaptive pacennaker Incorporating means for sensing 
Intracardiac impedance variations and producing a 
time varying voltage signal in accordance therewith. 
This voltage signal Is applied as an input to a switched 
capacitor adaptive fitter whose cut-off frequency is 

20 nominaHy set to discriminate between respiratoiy 
events and systolic events found in the impedance 
waveform when the patient is at rest Further means 
are provided for measuring ttie patienfs heart rata 
and tiien using ttie heart rate as a dock input for ttie 

25 adaptive filter whereby the cut-off fluency thereof 
shifb upwards as heart rate increases and down- 
wards as heart rate again drops. In ttiis way, the res- 
piratory and systolic events can be separated and 
independently utSlzed in creating the overall control 

30 signal for adjusting die pacing rate of the implanted 
pacemalcer. 

DESCRIPTION OF THE DRAWING 

3$ The foregoing features, obfects and advantages 
of ttie invention will become apparent to those skilled 
in ttie art from the following detailed description of a 
preferred embodtment, espedaily when considered in 
conjunctton with the accompanying drawing whidi 

40 illustratee by means of an eledrical block diagram a 
preferred embodiment of the inventioru 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

43 

Referring to ttie drawing, there ^ indicated gen- 
erally by nwneral 10 a rate adaptive pacer in which 
one, the other or botti of respiration and stroke volume 
are utiized in developing a rate contrd sigr^ for a 
30 variable rate pacer i^lse generator whereby the pao- 
ing rate is made to vary witti changes In metabdic 
need or demand, in ttie Salo at al U.S. Patent 
4.68S.d87 which is assigned to appllcantrs assignae. 
a rats adaptive cardiac pacer is described in which 
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means are provided for measuring stroke volume by 
utilizing an 'mtracardiao impedance waveform and 
deriving strolce voluma-feiated (nfbmiatlon from the 
peaMo-peak swings In Uie measured Impedance 
wavefbnrt As Is descrit)ed in that patent an endocar- 
dlai lead or cattieter 1 2 is routed through the vascular 
system such that its distal end portion is posittoned 
with&i the right ventride. Conductois 14 and 16 
couple the output of a carrier oscillator 1 8 to a pair of 
drive etedrodes 20 and 22 nrraunted on the surface of 
the catheter 12. Disposed t)etween the drive elec- 
trodes 20 and 22 are a pair of sense electrodes 24 and 
26 whfch are coupled by conductors 28 and 30 to the 
inputs of a sensing amplifier 32. The output of the 
sense amplifier Is delhrered to an impedance 
wavefonn generator 36 which may indude ampiKying, 
ftlteiing and denwdulating circuitry like that disclosed 
in the above-referenced Salo et al U.S. Patent 
4,666,987. 

When the catheter 12 has its drive and sense 
etectrodes disposed in the hearths right ventride and 
an attemating cunent signal from the high frequency 
oscillator 16 Is impressed across the drive electrodes 
20 and 22. that high frequency signal will be modu- 
lated by the changes in impedance of the Mood be- 
tween electrodes 24 and 26. Thus, the signal 
appearing at the output point 36 from the impedance 
wavefonn generator 36 is a time-varying signal corre- 
sponding to the impedance (21) measured within the 
heart 

The Z vs. t signal appearing on line 38 is applied 
to a switched capacitor filter 40, various fonns of 
which are known in the art Important to the present 
embodiment of the invention is the fact that the fire- 
quency ^ter functions can be tuned by a clock, alknw- 
Ing the filter's cut-off frequency to be shifted by an 
extemally-apl^ied contrd signal. In this regard, the 
sense amplifier 32 outputs a signal corresponding to 
a patients heart rate on line 42 which is applied as an 
input to a microprocessor conlroner 44. The microp- 
rocessor controllerfUnctions to generate docksignala 
on line 46 ooiresponding to an N-beat average. It can 
be seen, then, that the cut-off frequency of thefilter40 
is made to shift as a function of the patient's heart rate. 

Where stroke volume is the parameter of Interest 
to be separated from the Z va. t impedance waveform, 
a high-pass switched capacitor flter la used, where 
the cut-off frequency is set to effectively attenuate 
lower frequency components due to respiratton. As 
the respiration rate Increases during physical exer- 
cise so as to approach the firequency of systolic 
events, tfie cut-off ftequency of the f9ter 40 also shifts 
upwards because of the heart rate-related dock sig- 
nal applied thereto via conductor 46. Hence, the filter 
continues to discriminate against the lower frequency 
respiratory artifacts. • 

As mentioned eartter, where it b dealred to sepa- 
rate out the respiration signal (torn the Z vs. t 



wavefonn, a low-pass implementation for the 
switched capacitor filter 40 woUd be chosen, permit- 
ting the respiratton signal to pass through the filter 40 
and appear on line 48 uncontamlnated by the stroke 

5 volume signal. It is also possible with dassteal filter 
design methods as applied to switched capadtor 
technology to implement filter 40 as a state^varfable 
device such that both the stroke volume component 
and the respiration signal component can be made to 

10 appear on the separate output lines 47 and 48. 

As in the Brian D. Pederson, et al application filed 
concurrently herewith, either or both of the respiration 
signal and the stroke vdume signal from the switched 
capacitor fiter 40 may be used in accordance with a 

15 rate contrd algorithm 50 to produce a rate contrd sig- 
nal on line 52 which, when applied to the variable rats 
pacer pulse generator 54, changes the rate at which 
heart stinmilating pulses are conveyed over the con* 
ductor 58 to the stimulating tip electrode 22 on the dis- 

20 tal end of the lead 12. In this fashion, the variable rate 
pacer pulse generator 54 can be made to track 
metalMlk: need. 

It can be seen then that the present Invention pro- 
vklea a way in which a patfenf a average heart rate 

25 can b9 used as a dynamte contrd parameter for set- 
ting the cut-off fluency of a switched capacitor filter 
allowing better separation of signal components In the 
impedance wavefbrm due to systoRc events from 
those components occasioned by ventaation. 

30 Although the preferred embodiment is described 
using a switched capadtor filter, it rs possible to Imple- 
ment an adaptive filter that performs as the one des- 
cribed, by switching in one of a plurality of resistors in 
a filter topdogy so as to adjust the comer frequency. 

35 It is intended that the scope of this inventton cover the 
use of any adaptive linear filter using heart rate as the 
contrd parameter and the comer or center firequency, 
fo, as the operand. 

This invention has been described herein In con- 

40 sUerabledetai InordertocompIywrththePatentSta- 
tutea and to provMe those skiled in ttie art with the 
infonmatlon needed to apply the novel princ^les and 
to construct and use audi specialized components as 
are required. However, it is to be understood that the 

46 invention can be canrled out by speciflcaRy difforent 
equipment and devices, and that varkxia modifl- 
cattons, both as to the equipment details and operat- 
ing procedures, can be accompltshed without 
departing ftom the scope of the inventton itsdf. 

so 

Claims 

1. In a rate adaptive pacer of the type comprising an 
55 implantable variable rate pulse generator opera- 
tive to produce electrical stknulating pulses at a 
predetemtlned lower rate with the patient at rest, 
endocardial lead means coupled to sadd pulse 
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generator havtng a sturtulating electrode for 
applying said stimulating pulses to heart Ussue 
and further electrodes for sensing an electrical 
impedance signal withkt at least one cardiac 
chamber, and signal processing means coupled 5 
to said tuitherelectiodes fbr producing a rate con- 
trd signal tbr said pulse generator relating to said 
impedance s^nat, the improvement comprising: 

(a) adaptive fOter means in said signal proces- 
sing means, sakl adaptive Titer means having io 
a variable cut-off diaracteristlc detenruned by 

a changeatile physbtoglc parameter; 

(b) nrieans coupled to said lead means for pfo-> 
di^ng a cut-off frequency control signal in 
relation to changes in said physiologic par- i$ 
ameter; and 

(c) means for applying said cut-off frequency 
control signal to said adapth^e fiter means for 
changing the cut-off characteristic of said filter 
means with changes in said physiologic par- 20 
ameter. 



microproressor means coupled to said further 
electrodes and programmed to compute a heart 
rate value which is an average over a predeter- 
mined number of beats and produce said dock 
pulses at a frequency r^ating to the average 
heart rata. 

5. The adaptive rate pacer as in Claim 2 wherem 
said switched capacitor filter means is a low-pass 
ftltar. 

$. The adaptive rate pacer as in Oaim 2 wherein 
said switched capacitor filter means is a high- 
pass fito. 

7. The adaptive rate pacer as in Claim 2 wherein 
said switched capacitor filter means is a state 
variable device. 



2. In arata adaptive pacer of the type comprising an 
Imf^antabie variable rate pulse generator opera- 
tive to produce eiectrfcal stbnulaUng pulses at a as 
predetenninad lower rate with thB patient at resti 
endocafdtal lead means coupled to said pulse 
generator hav^ a stimulating electrode for 
applying said stimulating pulses to heart tissue 
and further electrodes for sensing an electrical 30 
impedance signal within at least one cardiac 
chamber, and signal processing means coupled 
to said farther electrodes fbr produdng a rate con- 
trol signal for said pulse generator relatir^ to said 
impedance signaU the improvement comprising: 35 

(a) switched capadtor filter means In said sig- 
nal processing means. 9M filter means ha^ 
ing a cut-off characteristic detemiined by the 
rate at which dock pulses are applied to said 
f^ter means; 40 

(b) means coupled to said lead means for pro- 
ducing sakl clock pulses in relation to the 
heart rate of the patient; and 

(c) means fbr applying said dock pulses to 
said fitsr means fbr changing the cut-cfT 45 
characteristic of said filter means which 
changes In heart rate* 



3. The adaptive rate pacer as In Claim 2 wherein 

said impedanoe signal is modutatsd by systolic so 
events and ventilatory events and said ojt-cfT 
characttfistic of said fiter means is used to sepa- 
rate the impedance signal into two components, 
one beUtg modulated by systdic events and the 
other being nmdulated by ventilatory events. ss 

4. The adaptive rate pacer as in Claim 3 wherein 
said means for producing dock pulses comprises 
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incorporalino awitched capacftor fDter with euMT fluency detennlned 



@ A rate adaptive cardiac pacemaker Incorporating a switched capadtor flter whoae ou^oTT frequency 
is varied as a function of heart rate allows respinition-related signals appearfang in the tntracanfiac 
impedance waveform to be separated from signals relating to systolic evente over a frequency range of 
Interest, allowing either or both of the respiiatiorweiated signal component or the systolic event 
component to be used n ac^usdng the pacing rate. 
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